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The present invention relates to a diversity receiving 
system and particularly to a system of this type applicable 
to F. M. reception. 
The advantages of diversity reception have been known 

for a long time. In diversity reception, advantage is 
taken of the fact that the signals at two separate receiv 
ing sites or two separate frequencies only infrequently 
fade at the same time. For this reason, it is possible to 
materially improve the reliability of reception if a way 
can be found to either combine the two signals so as to 
keep their sum at an optimum value or to select between 
them, always selecting the better signals, as their ratio 
varies. While this has been done for A. M. reception, 
and it is very desirable to accomplish the same results 
in F. M. reception, there has, to my knowledge, been no 
satisfactory method or system proposed or proven in 
use for F. M. diversity reception. - 

It has been discovered lately that radio frequency sig 
nals of the frequency of 100 megacycles or more, are far 
more useful well beyond the horizon than had previously 
been supposed. Reception beyond the horizon is due to 
scatter propagation, which is peculiarly subject to fad 
ing which is rapid although not generally very great. 
in other words, the signal level well beyond the horizon 
has a much better average value than had been expected 
but is subject to continuous small fluctuations that se 
riously interfere with the reliability of reception. Con 
sequently diversity reception of scatter propagation is 
very desirable. 

In an F. M. System the output of the receiver is al 
ways consian when the radio signal is above a thresh 
old value due to the inherent limiting in the receiver. The 
modulation output of the receiver, is always accompanied 
by noise, the amplitude of which is inversely proportional 
to that of the radio frequency signal being received. 
Thus, a small radio frequency signal will cause a high. 
level of noise in the receiver output and a large radio 
frequency signal will cause a low level of noise, the re 
lationship between the noise and the amplitude of the 
radio frequency signal being linear. This relationship 
is utilized in the present invention to achieve an optimum 
combination of the signal outputs of the receivers in a 
manner which will be described in detail hereinafter. 
Another characteristic of the signals to be combined 

which is utilized by the present invention is that the 
modulation component of the several receivers can be 
made substantially equal in amplitude and phase by lim 
iting in F. M. receivers and by A. G. C. circuits in A. M. 
receivers, whereas the noise outputs of the several re 
ceivers are independent or uncorrelated, at least in the 
case of thermal noise, which is the most important case. 
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This characteristic is utilized in the present invention by 
supplying the outputs of the receivers to a combining cir 
cuit which produces a modulation voltage output equal 
to the sum of the modulation voltages of the several re 
ceivers, but which produces a noise voltage output which 
is equal to the R. M. S. value of the receiver noise out 
puts. As a result, again in the signal to noise power 

70 

2 
ratio is obtained equal to the number of receivers used. 

It is an object of the present invention to provide an 
improved diversity receptio: System. 

It is another object of the invention to provide a di 
versity reception system for F. M. signals. 

It is another object of the invention to provide a plu 
rality of receivers for diversity reception, each of which 
has a noise output inversely proportional to the ampli 
tude of the received radio frequency signal and to com 
bine the signal outputs of the receivers while varying 
the output of each receiver inversely in accordance with 
the noise output of said receiver. 

it is a further object of the invention to provide a 
combining circuit for a diversity receiving system in 
which the signal to noise ratio is not impaired substan 
tially when the signals impressed by the receivers on the 
combining circuit become unequal. 
The foregoing objects and advantages and others are 

obtained according to the invention in a manner which 
will be fully understood from the following description 
and the drawing in which: 

Fig. 1 is a circuit diagram of one embodiment of the 
invention; 

Fig. 2 is a circuit diagram showing the manner in 
which negative feedback is produced in the combining 
circuit; 

Fig. 3 is a simplified circuit diagram for the purposes 
of illustrating the principles of the combining circuit; and 

Fig. 4 is a graph which shows the superior results ob 
tained with the combining circuit of the present in 
vention. 

Referring to Fig. 1, there is shown a pair of diversity 
receivers 1 and 2 which may be spaced from each other, 
or may operate at different frequencies, or may be con 
nected to antennas at different locations to provide di 
versity reception. There may, of course, be any number 
of such receivers each connected in the manner to be 
described hereinafter but for the sake of simplicity of 
explanation, the invention will be described with refer 
ence to only two receivers. The receivers are of the 
type which produce an output consisting of signals S1 
and S2 which normally have substantially equal ampli 
tudes and are correlated or coherent in the sense that 
they vary in the same manner at the same time. Re 
ceivers 1 and 2 also have noise outputs N1 and N2 re 
spectively. When the received signals at receivers 1 and 
2 are of equal amplitude, the noise output N1 and N2 
are also equal, provided the receivers are identical. When 
the received signals at the two receivers are not equal, 
the noise outputs are unequal and inversely proportional 
to the amplitude of the received signals. Receivers hav 
ing these characteristics are F. M. receivers having lim 
iters and receivers having automatic gain control. The 
output of receiver 1 is connected to a high pass filter 12 
preferably through an isolating electron tube 11. If for 
the sake of definiteness, it is assumed that the modulation 
frequencies in the system extend from 200 cycles per 
second to 200 kilocycles per second, the high pass filter 
i.2 may have a cut-off frequency of about 300 kilocycles 
per second, which is above the useful modulation fre 
quency. The output of filter 12 therefore contains no 
modulation frequency but consists only of the noise sig 
nal. Ni. It is understood of course, that these modu 
lation and noise frequencies are supplied to filter 12 by 
virtue of the fact that the receiver output consists of the 
demodulated signal and noise output SE and N1, as in 
dicated in Fig. 1. This noise signal is fed through an 
amplifier 13 across a load resistor 14. The noise signal 
Ni impressed across resistor 14 is rectified by the recti 
fier 15 which is polled so as to provide a negative bias 
for the control grid 19 of tube T1. The negative bias 
is applied to the control grid through a filter circuit con 



3 
sisting of a resistor 16, a condenser 17 and an isolating 
resistor 8. The signal and noise frequencies S1 and N1 
are fed to the control grid of tube T1 through a con 
densel. 20. 

In a similar manner the output of receiver 2 is fed 
through a high pass filter connected to the output of 
the receiver preferably by an isolating electron tube 21. 
The output of the high pass filter is then amplified by 
amplifier 23 and impressed across the load resistor 24, . 
to which a rectifier 25 is connected for developing a neg 
ative bias voltage. The bias voltage is filtered by the re 
sistor 26, by-pass condenser 27 and then impressed on 
the control grid 29 of tube T2 through the isolating resis 
tor 28. Both the signal output S2 and the noise output 
N2 of receiver 2 are fed through condenser 30 to the 
control grid of tube T2. 
The cathode of tube T1 is connected to the anode 35 

of tube T11 and the cathode 34 of tube T2 is similarly 
connected to the anode 36 of tube T2. The cathodes 
39 and 40 of tubes Tai and T2 are connected through 
resistors 45 and 46 to lead 48, which may be maintained 
at a suitable negative voltage such as -150 volts. The 
anodes 3 and 32 of tubes and T2 are connected 
through resistors 41 and 42, respectively, to lead 49 which 
may be at -- 150 volts. The cathodes 33 and 34 have a 
direct connection 47 therebetween. The output devel 
oped by tube T1 across the resistor is is fed through 
condenser 43 to the grid 37 of tube Ti and the output 
of tube T2 developed across the resistor 42 is fed through 
the condenser 44 to the grid 38 of tube T21. Grids 37 
and 38 are connected to lead 48 through grid leaks 51 
and 52. The output is taken from the common cathode 
terminal 50. It can be seen then that tubes T1 and T21 
form the load for the tubes Ti and T2, which load is 
provided by the resistor 35 in my copending application, 
Serial No. 517,851, filed June 24, 1955. Each vertical 
pair of tubes, for example, tubes T3 and Til, are so 
connected that the output of Ti, after being transmitted 
through tube T1, is returned as an input signal for tube 
T11. This, in effect, is a form of negative feedback and 
causes the effective resistance of tube T11 to vary in ac 
cordance with the input signal. The same effect, of 
course, occurs in tube T21. 
The manner in which negative feedback is produced 

may be understood from a consideration of the circuit 
shown in Fig. 2. The voltages applied to the grid 19 of 
tube T1 are here indicated as being supplied by a gen 
erator producing an input signal Si; another generator 
producing a noise voltage Ni and a source of variable 
bias C. 
T1 are connected as a two-stage resistance coupled am. 
plifier having a negative feedback connection 62, 63 from 
the anode of tube T11 to the cathode of tube T1. If 
the resistor 63 is made vanishingly small, substantially 
the entire output of tube TE is coupled back to tube 
T1. In other words, unity feedback is provided. The 
anode of tube T1 is then directly connected to the cath 
ode of tube Ti so far as A. C. voltages are concerned. 
The resistors 61 and 64 are then effectively connected 
in parallel to ground. If, now, the A. C. connections are 
arranged so that the D. C. operating requirements are 
Satisfied for tubes T1 and T. without using the blocking 
condenser 62, it is apparent that resistors 6 and 64 can 
be omitted and the circuit of tubes Ti and T1 of Fig. 
1. results. This analysis shows, therefore, that the verti 
cal arrangement of tubes T1 and Ti and tubes T2 and 
T2 are, in effect, feedback circuits with a unity feed 
back factor. By this is meant that the entire output of 
the tandem amplifier is fed back to its input. 
An important feature of the present combining circuit 

is that, whereas tubes T15 and T21 of Fig. 1 are con 
nected in parallel, because of the common cathode con 
nection 47, the feedback for each vertical pair of tubes 
is derived only from the currents in those tubes. 

In order to insure that the useful signals S1 and S2 

it will be seen at once that the tubes T1 and 5 
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shall arrive at the tubes T1 and T2 substantially in the 
same phase, the electrical distances from the antennas 
to these tubes are equalized. 
The operation of the circuit as so far described will 

now be explained. 
The tubes T1 and T2 together with their loads 41 and 

42, the impedances of which may be small compared to 
the tube impedances, may be considered as two Sources 
with their outputs tied in parallel. The load for one, 
then, is the impedance looking back into the other. If 
we take the case of two tubes and assume the control 
voltages are momentarily each zero, and the signals equal 
and coherent, the grids will then be executing coherent 
excursions, and considered individually the cathodes po 
tentials will be varying in the same manner and, there 
fore, will present no loading one to the other. Thus, 
although tube Ti and resistor 41 are physically connected 
in parallel with tube T2 and resistor 42, each tube op 
erates without loading by the other. This will be true 
only when the signals on the grids are coherent, i. e., 
vary in the same phase. 

Fig. 3 shows in simplified form the circuit of tubes T1 
and T2 of Fig. 1, having voltage sources S1, N1 and C1 
and S2, N2 and C2 connected to their control grids, 
where C1 and C2 represent the bias voltages, N1 and N2 
represent the noise voltages, and S1 and S2 represent 
the signal voltages. For the monient, let us imagine that 
the inputs are two identical signals S. Tubes T11 and 
T12 are represented by equivalent resistances R11 and 
R21. Since, as explained before, there is no impediment 
of one output to the other, and since cathode followers 
have a gain of nearly unity, a signal substantially equal to 
S will appear at the common cathode terminal 50. If, 
now, one of the signals, say S2, equals zero, the cathode 
of tube T2 does not follow a signal on its grid. Tube 
ST2 then opposes or forms a load for the variations of the 
cathode voltage of T in response to the signal S1 on the 
grid of tube T. Since the internal resistances of these 
two cathode followers, which for the purposes of analysis 
may be considered as including resistors 41 and 42, are 
practically equal, we now have the case of a generator, 
namely, tube T1, loaded by a load equal in magnitude 
to its own internal impedance. This has the effect of 
cutting the output voltage in half, as compared to the 
open circuit voltage. This is essentially the action of all 
the individual uncorrelated noise components N1 and 
N2, that is to say, the gain of the combiner stage con 
sisting of tubes T1 and T2 is one-half to each of the 
separate noise inputs, whereas it is unity to the two equal 
signal inputs. Now, since the noise power output is the 
root mean Square of the noise components, the noise will 
be the square root of the sum of the squares of the noise 
amplitudes halved, or 

N.-W(t)+(...) 
While the output will be S for the signal. As stated pre 
viously, when N1 happens to equal N2, which occurs for 
equal radio signals, there will be an improvement in the 
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output signal to noise power ratio of 2 to 1. If three 
signals are combined, under the same assumptions, the 
gain in power in the combined signal to noise ratio would 
be three-fold instead of two-fold, and for four signals 
the gain would be four-fold, etc. 
Now consider the combining action when the noise 

outputs of the two receivers are not equal. To illustrate 
this, assume that momentarily receiver 1 has a good 
signal and receiver 2 has a poor signal. In this case N1 
will be smaller than N2. If tubes T1 and T2 were not 
differently biased, the output sum, so far as noise is con 
cerned, would be the root mean square sum of the nor 
mal N1 and the greater N2, and since the signals are 
equal, this would mean a deterioration in the combined 
output. But now the bias or control voltage C2 for tube 
T2 is more negative than bias voltage C1 for tube T1. 
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This will bias tube T2 in a direction to decrease its direct 
current output, and lower its transconductance, which in 
turn increases its internal impedance as a generator. The 
effect of this effective impedance change is to decrease 
the noise output of tube T2. 

Thus, it can be seen that by suitably proportioning the 
amplifications of amplifiers 3 and 23, and adjusting 
the operating conditions of tubes T1 and T2, it is pos 
sible to differentially control their transconductances to 
furnish an optimum combination so far as low noise in the 
output is concerned. And, further, this differential con 
trol by means of biases C and C2 will have no effect on 
the signal amplitude produced by identical signals. 

If one of the tubes, say. T1, receives a better signal 
than the other tube then the bias applied to T1 will be 
smaller and tube, Ti will draw a large current through 
the load T11, T2, which will produce a high bias on 
the other tube. Because of this action a tube receiving 
a good signal helps to cut off or reduce the noise con 
tributions by the tube or tubes in branches receiving 
poor signals. 
The signal channels impressing the signals S1 and S2 

on the combining circuit are preferably balanced initially 
so as to make the signals substantially equal. However, 
in cases where the equipment is required to operate with 
out attention over long periods of time, during which 
time changes may occur due to ageing and other secular 
causes, an unbalance will be produced. This unbalance 
will produce distortion which may reach intolerable limits. 
The improvements produced by the application of nega 

tive feedback to the combining circuit is illustrated in 
Fig. 4. The ordinate of the graph is the distortion, D, 
of the signal measured in arbitrary units, which may be 
percentages, for example, and the abscissa is the ratio 
of S1 to S2, which are the signals applied to the grids 
19 and 29 of tubes T and T2. The manner in which 
the distortion increases as the unbalance increases, that 
is, as the ratio of S1 to S2 increases, is indicated by the 
curve A of Fig. 4, for the case where the load for the 
tubes T1 and T2 is a common passive resistor, such as the 
resistor 35 of my application Ser. No. 517,851. 
curve A shows that for a ratio of S1 to S2 equal to unity, 
there may be, for example, one unit of distortion. When, 
due to ageing or other causes, the signal ratio has become 
1.1 to 1, the distortion will generally be not less than two 
units and when the signal ratio is 1.2 to 1, the distortion 
will not generally be less than four units. It should be 
noted that the curve A is a graph of the relationship 
between signal distortion and a ratio between two signals 
which is aiways nearly unity. . Curve A is drawn for the 
case where the bias voltages C1 and C2 are equal. 
The curve B in Fig. 4 shows the result of the present 

combining circuits. When the ratio of Si to S2 is unity, 
a reduction in the distortion is obtained due to the appli 
cation of the negative feedback to the individual branches 
of the combining circuit. Let it be assumed that the 
feedback is such that the distortion is reduced to one 
fourth of its original value. Now, when a progressive 
imbalance or inequality of Si and S2 occurs, the result 
ant output distortion will always be less than one-fourth 
of the original value, if it rises at all, and the improved re 
sult will be such as indicated by the curve B. It is known 
from experiment that the curve B has a linearity which 
is not to be expected merely from the application of 
negative feedback to the individual branches of the com 
bining circuit. 
the manner shown not only improves the operation of 
the individual branches of the combining circuit, but 
improves the linearity of the joint combining action of 
the two branches. 

For the sake of simplicity the invention has been ex 
emplified by only one embodiment thereof, but it will be 
evident to those skilled in the art that many modifications 
and variations of the illustrated embodiment of the in 
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vention can be made within the spirit and scope of the 
invention as defined in the following claims. 

I claim: 
1. A diversity receiving system comprising a plurality 

of radio frequency receiving means for normally pro 
ducing substantially equal demodulated signal outputs 
and demodulated noise outputs which vary inversely 
with the amplitudes of the respective radio frequency in 
puts, a noise channel connected to the output of each 
receiving means, each noise channel including means for 
Selecting noise voltages only, means in each channel for 
rectifying said noise voltages to produce a biasing volt 
age, a combining circuit comprising a plurality of first 
electron tubes each having control electrode means and 
a load impedance connected to said electron tubes, said 
lead in pedance comprising a plurality of second elec 
tron tubes connected in series with said first electron 
tubes, means for impressing a portion of the output of 
each of said first electron tubes on the control electrode 
of one of Said second electron tubes, means for impres 
sing the biasing voltage and the signal and noise out 
puts of each receiving means on the control electrode 
means of one of the first electron tubes and means for 
obtaining an output signal voltage from said load im 
pedance. 

2. A system according to claim 1, wherein the noise 
channel connected to each receiving means comprises 
an electron tube circuit connected to the output of said 
receiving means, a high pass filter connected to the 
electron tube circuit and having a cut-off frequency which 
is higher than the highest useful signal frequency, the 
rectifying means in each noise channel being poled so 
as to impress a negative biasing potential on the control 
electrode connected thereto. 

3. A system according to claim 1 wherein each of 
said receiving means includes an automatic gain control 
circuit. 

4. A diversity receiving system according to claim 1, 
wherein said receiving means are spaced frequency modu 
lation receivers. 

5. A diversity receiving system comprising a plurality 
of frequency modulation receivers, means for additively 
combining the derinodulated signal outputs of said re 
ceivers comprising a plurality of first electron tubes each 
having an impedance connected to its anode and a con 
trol electrode connected to the output of each receiver, 
a load impedance circuit including a plurality of second 
electrom tubes having their anodes connected in com 
mon to the cathodes of all said first electron tubes, 
means for deriving an output from said load impedance, 
and a separate negative feedback circuit connection from 
the anodes of each of said first electron tubes to a con 
trol electrode of one of said second electron tubes. 

6. A systern according to claim 5, including means for 
varying the transconductance of each of said first elec 
tron tubes in accordance with the average amplitude of 
the radio frequency input to the receiver connected to 
that tube. 

7. A system according to claim 5, including means 
for varying the transconductance of each of said first 
electron tubes inversely in accordance with the average 
noise output of the receiver connected thereto. 

8. A system according to claim 5, including means 
connected between each receiver and the first electron 
tube connected thereto for filtering out a demodulated 
noise component only from the output of said receiver, 
means connected to said filtering means for deriving a 
rectified voltage from said noise component, and means 
for biasing that first electron, tube with said rectified 
voltage. 

9. A combining circuit for a diversity receiving sys 
tem comprising a plurality of first electron tubes each 
having a control electrode for receiving an input signal, 
2 plurality of second electron tubes each connected in 
series with one of said first electron tubes, each of said 
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second electron tubes having a control electrode, means 
for impressing a portion of the output of each first elec 
tron tube degeneratively on the control electrode of the 
corresponding second electron tube, and means for ob 
taining an output signal from said second electron tubes. 

10. A circuit according to claim 9, including a load 
resistor connected to the anode of each of said first 
electron tubes and an alternating current connection from 
the anode of each first electron tube to the control elec 
trode of the corresponding second electron tube. 

11. A circuit according to claim 9, including means 
for directly interconnecting the anodes of said second 
electron tubes. 

12. A diversity receiving system comprising a plurality 
of frequency modulation receivers, a plurality of first 
electron tubes each connected to the output of each 
receiver, a load impedance connected to the cathodes of 
all of said electron tubes, means including said electron 
tubes for producing the combined modulation frequency 
signal output of all said receivers across said load im 
pedance, and means for varying the value of said load 
impedance in response to the output of said receivers. 

13. A diversity receiving system according to claim 12, 
including means connecting a control electrode of each 
electron tube to the output of one of said receivers for 
impressing the demodulated signal output of the receiver 
on the control electrode, a second electron tube con 
nected in series with each of said first electron tubes 
with the anode of the second tube connected to the cath 
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8 
ode of the first tube, means for degeneratively intercon 
necting each of said first electron tubes with the corre 
sponding second electron tube and means for obtaining 
the additively combined demodulated signals from said 
Second electron tube. 

14. A diversity receiving system according to claim 13, 
wherein the anodes of said second tubes are directly con 
nected together and the means for obtaining the output 
signal includes a connection to the anodes of the second 
tubes. 

15. A diversity receiving system according to claim 14, 
including means for producing self bias for each of said 
second electron tubes. 
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